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IHIRODUCTIOH 
Intraspecific differences in natural resistance to dis­
ease is a general phenomenon in both the plant and animal 
kingdoms. Varieties of wheat that are not susceptible to 
wheat stem rust have been discovered. Great differences in 
response to stem and crown rusts in different varieties of 
oats are well known. Both disease-resistant and disease-
susceptible varieties of many fruits and vegetables are in 
existence. In animals, strains of mice vary in their re­
sistance to mouse typhoid, as well as to several virus dis­
eases. Chickens show variation in resistance to Salmonella 
pullorum« S. gallinarum. and to viruses of the leucosis com­
plex. Susceptibility to Brucella suis varies in different 
lines of swine. Cattle and horses also have been found to 
show line differences in resistance to disease. Recent 
publications (Hoiton, 1959» Hutt, 1958) reveal that the 
mechanisms involved in such differences in natural resist­
ance are as little understood as are their hereditary bases. 
There can be no doubt, however, that differences in resist­
ance to disease are economically, medically, and evolution-
ally important. 
On the other hand, there have been very few reported 
instances of intraspecific differences in disease resistance 
in insects. That such a phenomenon can occur was suggested 
by the work of Pasteur. He selected stocks of silkworms 
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which were not susceptible to the microsporidian that caused 
pebrine disease (Steinhaus, 1949). With the recent emphasis 
on use of pathogens for insect control, more information is 
urgently needed on insect-bacterial relationships, especial­
ly in the area of insect resistance to disease. 
In the early 1900* s a number of reports appeared in 
which it was claimed that certain colonies of honey bees 
were resistant to the well-known bacterial disease, American 
foulbrood (Stewart, 1910; Lineburg, 1925; Bixler, 1926; 
Richmond, 1935). This is a disease of only the honey-bee 
brood, caused by the bacterium Bacillus larvae White (White, 
1906, 1907). As a result of these and other reports, a num­
ber of the supposedly resistant colonies were collected in a 
single testing yard in Iowa by 0. W. Park, Prank Pellett, 
and P. B. Paddock. The colonies were artificially inocu­
lated by introducing pieces of comb containing brood that 
had died of American foulbrood. Each of the dead individ­
uals (called scales) contained a great number of B. larvae 
spores. Several of the inoculated colonies recovered from 
the disease (Park, 1936a, 1936b). That this resistance was 
inheritable was demonstrated by testing the progeny of a new 
generation of queens and drones reared from stock that had 
recovered from American foulbrood (Park et al.. 1937). On 
the basis of certain observations, Park suggested that re­
sistance to this disease was due to adult behavior and, 
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probably, to physiological resistance of the larvae (Park, 
1937; Bothenbuhler, 1958). 
Eventually a series of investigations aimed at discov­
ering the mechanisms involved in this resistance were inau­
gurated. Observations were made on differences in behavior 
of adult bees toward infected brood by Woodrow and Hoist 
(1942). They found that the adult bees of resistant colo­
nies removed the infected brood before the bacteria sporu-
lated, while bees in susceptible colonies did not. Also, 
they confirmed the previous work of Tarr (1937) who had 
demonstrated that only the spore stage of B. larvae was in­
fective. Thus, Woodrow and Hoist (1942) concluded that re­
sistance to B. larvae consisted of the adult bees' ability 
to detect and remove infected larvae before sporulation of 
the bacteria. 
Later, a second mechanism of resistance to B. larvae 
was discovered by Sturtevant and Bevell (1953). When sugar 
sirup containing a known number of spores was fed to colo­
nies with different degrees of resistance, it was found that 
bees of the highly-resistant colonies removed a higher per­
centage of B. larvae spores than did bees of the less-
resistant colonies. Such removal seemed to be due to the 
action of the proventricular valve. 
Working independently of Sturtevant and Heveil, in 
1953, Thompson found that a line of resistant nurse bees 
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prevented more of the larvae, which they nursed, from becom­
ing infected with B. larvae than did nurse bees from a sus­
ceptible line (Thompson, 1955; Thompson and Bothenbuhler, 
1957). It was suggested by Thompson that his results might 
be due to the same mechanism as the one described by 
Sturtevant and Revell. It was suggested also that this pro­
tection might be due to an anti-foulbrood factor in the lar­
val food secreted by the nurse bees. 
Evidence has been presented both for and against dif­
ferential resistance to B. larvae in honey-bee larvae. 
Woodrow (1941, 1942) and Woodrow and Hoist (1942) detected 
no difference in resistance in the larvae of the resistant 
and susceptible bees used in their investigations. Later, 
Hitchcock (1958) also was unable to detect a significant 
difference in larval resistance to B. larvae in several 
hybrid stocks with naturally-mated queens. According to 
Hitchcock, larvae of the same susceptible age were individ­
ually inoculated, reared by the same nurse bees until 
sealed, and then put into an incubator. He found that the 
percentage of diseased brood varied greatly within stocks 
and between stocks. 
The first experimental evidence for differential re­
sistance to B. larvae in genetically different lines of 
honey bees was obtained by Bothenbuhler and Thompson (1956). 
They inoculated young larvae of three gene tic silly distinct 
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lines with spores of B. larvae; check larvae were inoculated 
with water. The check larvae showed better than 95 per cent 
survival in each line. Spore-inoculated larvae survived to 
the extent of 25 per cent in a line selected and bred for 
susceptibility for several generations, 47 per cent in a 
line selected for resistance for one generation, and 67 per 
cent in a line selected and bred for resistance for several 
generations. Differences in survival of the spore-inocu-
lated larvae were interpreted to be due to different levels 
of resistance in the larvae. 
Lewis (1959) demonstrated larval resistance, using a 
mixed-sperm mating procedure. A resistant queen was instru­
mental^ inseminated with semen from one resistant-line 
drone and one susceptible-line drone. Different genetic 
markings distinguished the progeny of the two drones. Lar­
vae of a known age were obtained from such inseminated 
queens. Some of the larvae were inoculated with water, and 
others with spores in water. In the spore-inoculated lar­
vae, at certain ages, there was a significantly lower number 
of survivors among the worker progeny of the susceptible-
line drones than of the resistant-line drones. This was 
interpreted to mean that progeny of susceptible-line drones 
had less resistance to B» larvae than did progeny of the 
same age from the resistant-line drones. Lewis found no 
differential resistance in larvae inoculated before 18 hours 
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of age. He found that old larvae were no longer susceptible 
to Infection. Woodrow (1941) earlier had found that larvae 
were no longer susceptible after two days and five hours of 
age. This was later confirmed by Katznelson and Jamieson 
(1950). As a result of a serological investigation, Gary 
et al. (1948) postulated that older larvae and pupae are not 
susceptible because of an increase in the agglutinating pow­
er of the blood toward B. larvae. 
The present study was carried out in an attempt to 
investigate further the mechanism of differential larval 
resistance. The investigation was directed primarily at the 
elucidation of the relationship between age at inoculation 
and mortality of the brood, in resistant and in susceptible 
lines. As a follow up to this, a comparative histopatholog-
ical study was designed to determine the progress of the 
disease in the two lines. The primary objective of this 
type of investigation was to observe the growth and spread 
of the bacteria in the larval tissues, with lesser emphasis, 
in this study, on the pathological changes in the tissues. 
A few general investigations have been made previously 
on various aspects of this disease. According to Woodrow 
and Hoist (1942), the spores germinate within a few hours 
after being ingested. Sturtevant (1924) stated that germi­
nation of spores and some growth takes place during the 
first 24 hours after inoculation, but maximum growth is not 
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obtained much before 48 hours. Kitaoka et al. (1959) found 
that spores germinated in 24 hours, that the bacteria had 
doubled in number in 24 to 48 hours, and then were not ob­
served in microscopic examinations until the time of meta­
morphosis. Hoist (1946) stated that the bacteria continue 
to be present in the digestive tract until the larvae are 
sealed, with the larvae seemingly suffering no ill effects. 
After the third day the number of bacteria decreases until 
sealing of the cell. On the second day after sealing of 
the cell the rods can scarcely be seen, but on the third day 
they reappear and increase tremendously. This period coin­
cides with an internal breakdown of larval tissue in prepa­
ration for pupation. 
Only two previous investigators have reported histolog­
ical studies on American foulbrood diseased larvae. Prom a 
limited investigation, Maassen (1908) concluded that B. 
larvae did not exhibit luxuriant development in the intes­
tine but found more promising nourishment in the fat bodies 
of the larvae. The bacteria apparently entered the fat 
bodies shortly before pupation. Jaeckel (1930) made a more 
extensive pathological study than any made previous to the 
present time. He concluded, as did Maassen (1908), that 
the bacteria remain in the gut until the time of preparation 
for metamorphosis. He implied, however, that young larvae 
may die fros the infection even though in lesser numbers 
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than the older larvae and pupae. Furthermore, in his de­
scription of the disease in 2-day and 3-day larvae, he de­
scribed decomposed larvae that consisted of a mass of bac­
teria covered by the chitin layer of the cuticle, with a few 
scattered islands of tracheal residue. It is not clear 
whether he was actually describing larvae of 2 and 3 days 
of age or older larvae which were inoculated with B. larvae 
at 2 and 3 days of age. 
According to Jaeckel, the bacteria penetrate the epi­
thelium of the gut and enter the blood which then distrib­
utes them throughout the insect body. The disease is thus 
described as septicemic. He noted, in some instances, that 
pathological changes occurred in the cells of certain tis­
sues although bacteria were not in the immediate vicinity, 
as though some sort of toxic effect might be present. 
The bacteria sporulate in the infected larvae on about 
the ninth day (Woodrow and Hoist, 194-2; Hoist, 1946). Death 
of the larvae may occur in the last two days of the prepupal 
period or in the first two days of the pupal period, accord­
ing to White (1920). Sturtevant (1924) stated that suffi­
cient growth of B. larvae to kill the larva does not occur 
until on or after the eighth day. Both larvae and pupae may 
be found dead of American foulbrood, according to Park 
(1937). Jaeckel (1950) reported that the pupae may die as 
late as the tenth day. As mentioned above, he implied that 
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death may take place also in the very young larvae. 
In the investigation reported here, the objectives are 
summarized as follows: 
1. To investigate the nature of larval resistance to 
B. larvae in a resistant and in a susceptible line of honey 
bees with respect to the relationship of inoculation age to 
mortality. 
2. To determine the course of infection and bacterial 
invasion of host tissues by B. larvae, in the same two 
genetically different lines of bees. 
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MATERIALS AND METHODS 
The experimental method briefly presented is as fol­
lows: Eggs were obtained from both the resistant and the 
susceptible lines by caging queens on test combs for 6-hour 
intervals. The egg-containing test combs from both kinds of 
queens were placed in a single nurse colony. After the 
hatching of the eggs, combs of various-aged larvae were 
treated experimentally. Some of the larvae in each comb 
were given spores in water, and others water only. Counts 
were taken on the day following inoculation and again short­
ly before the young bees were due to emerge. Comparisons of 
mortality in the two lines and under the two treatments were 
made. For the histopathological study, the larvae were ob­
tained and treated experimentally in the same way as de­
scribed above. Random samples of larvae, inoculated at an 
early age, were removed from the combs, fixed, embedded, 
sectioned, mounted, stained, and examined with a microscope. 
Relationship of Inoculation Age to Mortality 
The resistant line of bees was derived from stock ob­
tained from Mr. Edward Gr. Brown of Sioux City, Iowa, in 
1954. Mr. Brown had used "natural selection" methods to ob­
tain a degree of resistance to B. larvae in his bees 
(Rothenbuhler and Thompson, 1956). The susceptible line was 
started from a single mated queen obtained from a commercial 
beekeeper in New York. The resistant line has been selected 
and bred for resistance for four generations; the suscep­
tible line has been selected and bred for susceptibility for 
six generations. All matings in the breeding program were 
made by instrumental inseminations. 
To simplify caging procedures, the resistant- and 
susceptible-line queens were kept in single-frame, exclud­
er, comb cages in a 5-frame nucleus hive during the course 
of an experiment. Worker bees could pass through the per­
forated excluders to care for the queens. To secure eggs of 
a known age, a queen was caged on a clean, empty comb under 
a small (5M x 7"), perforated, queen-excluding cage (Figure 
1). The queen was caged on one side of a comb for six hours 
and then moved to the other side of the same comb for anoth­
er six hours, after which she was removed from the comb. 
The test comb containing the eggs was placed in the second 
story of a nurse colony. 
Strong colonies of commercial hybrid bees were used for 
nurse colonies. Emerging brood was added to each nurse co­
lony just prior to the beginning of each experiment. This 
supplied a large number of nurse bees to care for the brood 
in the test combs that were placed in these colonies. The 
queens of the nurse colonies were confined to the first 
story of the colony by means of a queen excluder, to prevent 
their laying eggs in the test combs. 
Figure 1. Cage used to confine queen to a given area 
of comb for egg laying. 
Figure 2. Microsyringe used for inoculations in the 
test area marked by the template. 
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The test combe were Inserted near the center of the 
second story, between combs containing young brood. As new 
test combs were added, the older test combs were gradually 
shifted towards the outside. Where there were more than 10 
combs in a given test, the older, sealed test combs were 
moved to the center of the third story. 
Seventy-two hours from the end of the caging period 
were allowed for the eggs to hatch. Test combs containing 
larvae of various ages (0-6, 6-12,....66-72 hours) were then 
removed from the nurse colony and taken to the laboratory in 
a covered wooden container. A test area was selected near 
the center of the comb where the brood pattern was more uni­
form. This was necessary because adult bees have a tendency 
to remove scattered brood from combs. A template was con­
structed from clear plastic, by removing the section of the 
plastic immediately over the test area. A separate template 
was constructed and labeled for each side of each test comb 
(Figure 2). 
The experimental treatment consisted of inoculating the 
larval food with a spore suspension or with water. The food 
was inoculated by means of a microeyringe, fitted with a 
25-gauge hypodermic needle (Figure 2). A micrometer screw 
head controlled the amount of delivery of the syringe. Each 
revolution delivered # cubic millimeter of fluid. The bar­
rel of the syringe was marked so that a uniform dosage of 
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1/4 cubic millimeter could be administered. The check lar­
vae received 1/4 cubic millimeter of distilled water; the 
test larvae received 1/4 cubic millimeter of a suspension 
of B. larvae spores in water. The spores were provided in 
powder form by A. P. Sturtevant of the United States Depart­
ment of Agriculture1s Bee Culture Laboratory at Laramie, 
Wyoming. 
Pour separate suspensions of spores in water were pre­
pared during the course of this investigation. Small 
amounts of each suspension were placed in vials and quick-
frozen by immersing the vials in a mixture of dry ice and 
acetone. After freezing, the spores were stored in the 
freezing compartment of a refrigerator. (Several vials from 
each suspension were transferred to a deep freezer and held 
for a later counting of the spores.) As needed, a vial was 
removed from the refrigerator and allowed to thaw approxi­
mately one hour before using. 
The instructions from Sturtevant, which accompanied the 
spore powder, specified that the spore powder contained 
g 
1.121 x 10 spores per milligram. On this basis, it was 
possible to prepare a spore suspension which would contain 
2 x 10 spores per milliliter. A dosage of 1/4 cubic milli­
meter would then contain 50,000 spores. It was deemed de­
sirable to make spore counts on representative vials of 
each of the four separate suspensions that were prepared 
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to determine whether or not 50,000 spores had been the ac­
tual dosage. However, due to a mechanical failure of one 
deep freezer, uhe contents of the vials from the fourth 
suspension thawed. As it was not possible to determine the 
time that this occurred, spores from these vials were dis­
carded. The vials of spores from the other three distinct 
preparations had been stored for nearly two years before 
spore counts were made. 
Spore counts were made in the following way. A 0.01 
milliliter aliquot of a 1:10 dilution of the spore suspen­
sion was spread evenly over a one square centimeter area on 
a clean slide. The suspension was air dried, flamed, and 
stained as follows: carbol fuchsin five minutes, rinsed in 
hot water, nigrosin one minute, rinsed in distilled water, 
methylene blue one minute, rinsed in distilled water, and 
air dried (modified after Powell, 1950). The spores were 
counted under oil immersion with lOx oculars. A 0.01 square 
millimeter grid was placed in one ocular to delimit the 
field in which the spores were counted. A strip method of 
selecting fields was used (after Levowitz, 1944). Spores 
were counted in 25 fields in each of two strips, with paths 
at right angles to each other. The counts for the 50 fields 
were averaged. The total number of spores per milliliter 
was calculated by the following formula: KDX x 100 = spores 
per milliliter, where If equals the number of microscopic 
17 
fields per one square centimeter, D is the dilution, X is 
the mean number of spores per field, and 100 is the factor 
that gives the number of spores per milliliter from 0.01 
milliliter of the suspension. The number of spores per dos­
age of 1/4 cubic millimeter can be calculated by taking 
1/4000 of the number of spores per milliliter. 
Counts were made of the contents of four vials from 
each of the first two suspensions prepared, with three rep­
lications from each vial. Only one vial was available for 
counting from the third suspension, from which four replica­
tions were made. The actual spore counts are shown in Ap­
pendix Tables 9, 10, and 11. The spore counts per dosage 
were considerably lower than the 50,000 spores per 1/4 cubic 
millimeter expected on the basis of Sturtevant's calcula­
tions. The number of spores per dosage, based on the aver­
age of the counts of the vial samples and their replications 
were 7,313, 6,670, and 6,888 for the first, second and third 
suspensions, respectively. Some disintegration of spores 
and germination of spores to the vegetative cells, which 
then disintegrated, may have taken place in the time in 
which the spores were held in powder form and, later, in 
frozen suspension. However, it seems safe to conclude that 
the dosage per larva was considerably less than 50,000 
spores in this investigation. 
It was known from past experiments that loss of control 
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larvae (water-inoculated) was low. Thus, two rows of larvae 
received spores to every one row that received water (Figure 
2). A flip of a coin determined whether the larvae in the 
first row received water or whether the larvae in the first 
and second rows received spores. 
After completion of the treatments, the test combs were 
returned to same nurse colony from which they had been 
removed. 
On the fey following inoculation all larvae were counted 
(base count). Larvae lost by reason of handling and exposure 
during inoculation were thus omitted from further considera­
tion. A final count was made shortly before the young bees 
emerged. At this time the number of living, missing, and 
dead were counted. 
The first experiment, designated Experiment I, was 
started June 13» 1958 and was completed July 14. This 
experiment was designed to obtain larvae for inoculation at 
all the various ages, from 0-6 to 66-72 hours, from a given 
queen in the resistant line and from a given queen in the 
susceptible line. The experiment was replicated by the use 
of two queens in each line. Susceptible-line queens were 
caged one day, the resistant-line queens the next day. This 
alternation was continued until larvae of all the ages were 
obtained. In the susceptible line, however, one of the 
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queens did not lay on two of the caging days and the test 
eggs were obtained from a third queen for these two days. 
About two weeks were required to obtain the necessary ages 
of larvae for inoculation, but the genetic source of the 
larvae was held fairly constant by this procedure. 
A repeat of this experiment ran from July 17 to August 
10. On the basis of the results obtained from the prior 
experiment, this test was reduced to include only the crit­
ical areas of the mortality curve obtained previously — up 
to 30 hours in the resistant line and up to 42 hours in the 
susceptible line. 
The second experiment, Experiment II, ran from June 29 
to July 21. This experiment was designed to utilize several 
queens in each line over a very short period of time. In 
this experiment the environment was held fairly constant, 
but the genetic source of the larvae was allowed to vary. 
In one line, three queens were caged for two successive 
days, producing a total of all 12 stages. Alternate queens 
were caged each time and they supplied the eggs when the 
first queens failed to lay a sufficient number of eggs. 
This procedure was repeated in the second line on the third 
and fourth days. All larvae of Experiment I were reared in 
a single nurse colony, as were also all larvae of Experiment 
11, to reduce environmental differences due to colony influ­
ence. 
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The critical portions of this second experiment were 
repeated in a test that ran from July 9 to July 30. 
Distribution of Bacteria in Host 
The method of obtaining eggs, rearing the larvae, se­
lection of test area, and experimental treatment of the lar­
vae was the same as that used in the first part of this in­
vestigation. All of %he larvae used were obtained from one 
queen in the resistant line and from one queen in the sus­
ceptible line, during the summer of 1959* This study was 
concerned with only one inoculation age, 0-6 hours. Samples 
of both water- and spore-inoculated brood were taken at the 
following ages: approximately 1, 1)6, 2, 2Jé, 3» 4, 4)é, 5, 6, 
7, 8, and 9 days. 
A random selection technique was used to select the 
brood for the samples. Two sets of numbers were made and 
taped to corks. One set of numbers corresponded to the rows 
of brood in the test area. The numbers corresponding to the 
rows containing spore-fed larvae were put into one box, the 
numbers corresponding to the rows containing water-fed lar­
vae were put into a second box. The second set of numbers 
was placed in a third box, and was used to select an indi­
vidual within a row. 
Very young larvae were removed from their cells with 
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a small wire spoon, larger larvae and pupae were removed 
carefully with forceps. The cell wall had to be first bro­
ken down in order to take out the larger larvae without dam­
aging them. The anterior and posterior ends were clipped 
off the individuals older than two days of age. This was 
done to permit penetration of the fluids and paraffin. 
To reduce handling and possible injury, the specimens 
were placed in glass tubes for passage through the fluids. 
Small, rectangular pieces of masonite were used to hold the 
tubes and, also, to serve as covers for the jars while the 
specimens were in a particular fluid. Bach piece of mason­
ite held two tubes. Holes were bored in this material, 
slightly larger than the diameter of the tubes. The glass 
tubes were stoppered with a cork at the upper end. The end 
of the tube which was placecl in the fluid was covered with 
a piece of gauze; the gauze supported the larvae and. also, 
allowed fluid to enter the tube. À fine wire was wrapped 
around the tube to hold the gauze in place. The wire was 
then passed up alongside the tube, through the opening in 
the masonite, and wrapped around a tack driven into the up­
per side of the masonite. The glass tubes were re-used 
after changing the gauze. 
The procedure for killing, fixing, dehydrating, and 
embedding the specimens was as follows: 
1. Alcoholic Bouin's to kill and fix in all cases. 
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Depending upon their size, the larvae and pupae were left 
in this fluid for 7-20 hours. 
2. Seventy per cent alcohol, several hours to indefi­
nite. 
3. A second wash of 70 per cent alcohol, a few minutes 
to several hours, until most of the yellow color from the 
picric acid of the fixative had been washed out. 
4. Dehydrated by passing through 80 per cent, 90 per 
cent, and absolute alcohol, 40 minutes to one hour in each. 
5. Dehydration completed by passing through three 
changes of methyl benzoate. The time required ranged from 
several minutes to one day. Complete dehydration was indi­
cated when the specimens sank to the bottom of the tube. 
6. Two changes of benzene, 12-25 minutes each. 
7. Hot paraffin-benzene mixture, 3-6 hours. 
8. Three changes of paraffin, 10-30 hours each. 
Tissuemat, Fisher, was used, at melting point of 54°-56° 
Centigrade. 
9. Embedded in paraffin and the blocks stored in a 
refrigerator. 
A microtome was used to make serial sections of the 
larvae. The sections were longitudinal, 10fi in thickness. 
Considerable difficulty was encountered in sectioning some 
of the older larvae and pupae. This difficulty was overcome 
by soaking the paraffin blocks for from several hours to 
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overnight ln either tap water or a mixture of 10 cc. glyc­
erin, 36 cc. water, and 54 cc. 95 per cent alcohol. 
The sections were mounted and affixed to the slides 
with albumin and freshly-distilled water. A warming plate 
at 43°Gentigra<le was used to flatten the sections. The ex­
cess water was drained off and the elides were left over­
night in an oven to dry, at a temperature of 40° Centigrade. 
Sections were stained with the MacCallum-Goodpasture 
stain for bacteria in tissues (Mallory, 1938). Staining 
procedure: 
1. Xylene, two changes, 5 minutes each. 
2. Absolute, 95. 70, and 50 per cent alcohol and 
distilled water, 2 minutes each. 
3. Goodpasture's stain, 10 minutes. 
4. Distilled water wash. 
5. Differentiate in full strength formalin, 3 minutes. 
6. Distilled water wash. 
7. Saturated picric acid, 3-5 minutes. 
8. Distilled water wash. 
9. Differentiate in 95 per cent alcohol, 2-3 quick 
dips. 
10. Distilled water wash. 
11. Sterling's Gentian Violet, 3 minutes. 
12. Distilled water wash. 
13. Gram's iodine, 1 minute. 
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14. Blot but leave moist (Bibulous paper). 
15. Differentiate in equal parts of aniline and 
xylene, several changes. 
16. Xylene, 2 changes. 
17. Mount cover slip, previously cleaned in absolute 
alcohol, with Technicon Mounting Medium. 
Sections were studied under an American Optical Com­
pany binocular research microscope. All photomicrographs 
were made at a magnification of 190x. 
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RESULTS AND ANALYSES 
Relationship of Inoculation Age to Mortality 
The results of the two experiments, and the partial 
repeats of each, are shown in Tables la through 4b. The 
first column in each table gives the mating numbers of the 
tost queens from which the brood was obtained. Column two 
shows the age of the larvae at the time their food was in­
oculated. Whether the treatment was inoculation with water 
only (designated control) or with water and spores (desig­
nated spores) is given in the third column. The base count, 
taken on the day following inoculation, is the number of 
larvae in each treatment, in each experimental comb. The 
final counts indicate the fate of each individual in the 
base counts. The number of individuals missing and the num­
ber dead of AFB* were combined to calculate the per cent of 
nonsurvival shown in the last column. The missing individ­
uals were presumed to have died of AFB and had been removed 
by the house-cleaning bees. A few of the dead individuals 
did not show the characteristic signs of AFB. These were 
designated as unknown dead, and were subtracted from both 
the base and final counts. 
*The letters AFB wherever used in this thesis mean 
American foulbrood. 
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Table la. Experiment I. Mortality of honey-bee brood of the susceptible 
line inoculated at various ages. 
Source Inocula- Final count Per cent 
of tion age Treat­ Base Living Missing Observed dead nonsui 
larvae (hours) ment count AFB Unknown viva]. 
mht65 0-6 Control 61 59 2 0 0 3.3 
Spores 78 19 56 3 0 75.6 
m1h6u 0-6 Control Ih 71 3 0 0 u.o 
Spores 62 11 51 0 0 82.3 
mlu6u 0-6 Control 35 33 2 0 0 5.7 
Spores 85 7 59 18 1 90.6 
kl^63 0—6 Control u6 u2 u 0 0 8.7 
Spores 81* 26 u8 10 0 69.5 
mut65 6-12 Control u8 u7 1 0 0 2.1 
Spores 92 12 73 6 1 86.9 
mh463 6-12 Control 28 2li u 0 0 hi. 3 
Spores 39 8 31 0 0 79.5 
mkSZ 12-18 Control 63 62 0 0 1 0 
Spores 112 20 50 12 0 82.1 
12-18 Control 51 51 0 0 0 0 
Spores 100 21 60 19 0 79.0 
mass 18-2u Control 51 51 0 0 0 0 
Spores 108 38 28 u2 0 6k.8 
muu63 18-2u Control bh ia 3 0 0 6.8 
Spores 112 u6 39 27 0 58.9 
klu6u 2u-30 Control 30 29 JL 0 0 3.3 
Spores 81 6h 3 1i4 0 21.0 
miu63 2u-30 Control 1|2 35 7 0 0 16.7 
Spores 95 6'; 12 19 0 32.6 
iclu6u 30-36 Control hi u5 2 0 0 u.3 
Spores 88 82 5 0 1 5.7 
mut63 30-36 Control <6 5u 2 0 0 3.6 
Spores 93 90 3 0 0 3.2 
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Table la (Continued). 
Source Inocula­ Final count Per cent 
of tion age Treat­ Base Living Missing Observed dead nonsur­
larvae (hours) ment count AFB Unknown vival 
Mlli6< 36-U2 Control 52 52 0 0 0 0 
Spores 97 95 2 0 0 2.1 
Mlk&t 36-42 Control 5U 53 1 0 0 2.0 
Spores 87 85 2 0 0 2.3 
M1U65 U2-U8 Control 50 h9 1 0 0 2.0 
Spores 9k 9h 0 0 0 0 
ELU63 U2-U8 Control U2 39 3 0 0 7.1 
Spores 76 68 8 0 0 10.5 
M1U65 U8-5U Control ne 18 0 0 0 0 
Spores m 113 1 0 0 0.9 
M1U63 U8-5U Control 61 56 5 0 0 8.2 
Spores 11U ill 1 0 2 0.9 
MHt65 5U-6Q Control 56 56 0 0 0 0 
Spores 103 103 0 0 0 0 
KLkèb 5U-60 Control 55 55 0 0 0 0 
Spores 81 78 3 0 0 3.7 
MLU6I1 60-66 Control 37 37 0 0 0 0 
Spores 89 88 1 0 0 1.1 
M1L63 60-66 Control li3 i|2 1 0 0 2.3 
Spores 78 76 2 0 0 2.6 
mb6Ç 66-72 Control 52 52 0 0 0 0 
Spores 96 95 1 0 0 1.0 
MlI4.6U 66-72 Control hi hi 0 0 0 0 
Spores 91 89 2 0 0 2.2 
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Table lb. Experiment I. Mortality of honey-bee brood of the resistant 
line inoculated at various ages. 
Source Inocula- Final count Per cent 
of t-ion age Treat- Base Living Missing Observed dead nonsur-
larvae (hours) ment count AFB Unknown vival 
MH0i7 0-6 Control 113 106 7 0 0 6.2 
Spores 121 21 69 2k 1 77.5 
MUOtf 0-6 Control 63 61 2 0 0 3.2 
Spores 128 25 50 52 1 80.3 
ICLU46 0-6 Control 30 30 0 0 0 0 
Spores 68 18 22 27 1 73.1 
MllUi7 6-12 Control 5U 53 1 0 0 1.9 
Spores 107 U? 30 30 0 56.1 
M3M6 6-12 Control 15 1U 1 0 0 6.7 
Spores 37 5 32 0 0 83.8 
Mia? 12-18 Control 7k 73 1 0 0 1.6 
Spores 131 85 2 la 3 35.1 
ElUit6 12-18 Control 52 51 0 0 1 0 
Spores 108 72 6 30 0 33.3 
M1UU7 18-2U Control 6U 6U 0 0 0 0 
Spores 107 10U 3 0 0 2.8 
MIU47 2U-30 Control 51 U8 3 0 0 5.9 
Spores 13? 133 3 1 0 2.9 
Mil,1,6 2U-30 Control 56 55 1 0 0 1.8 
Spores 110 108 2 0 0 1.8 
ELUU7 30-36 Control 80 77 3 0 0 3.7 
Spores 136 127 8 0 1 5.9 
mbk6 30-36 Control 5U 51 0 0 0 0 
Spores 120 113 6 1 1 5.8 
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Table lb (Continued). 
Source Inocula- Final count Per cent 
of tion age Treat- Base Living Missing Observed dead nonsur-
larvae (hours) ment count AFB Unknown vival 
MlltU? 36-12 Control Ii7 UU 3 0 0 6.U 
Spores Ilk ill 3 0 0 2.6 
KLUU7 U2-U8 Control 58 56 2 0 0 3.U 
Spores 93 91 2 0 0 2.2 
MIUJ.6 U2-U8 Control 17 17 0 0 0 0 
Spores U5 U2 3 0 0 6.9 
mUU7 U8-5U Control 59 58 1 0 0 1. 5  
Spores 109 108 1 0 0 0.9 
M1UU6 U8~5U Control 55 53 2 0 0 3.6 
Spores 10U 101 3 0 0 2.9 
M1UU7 5U-60 Control Uo Uo 0 0 0 0 
Spores 79 77 2 0 0 2. 5  
MlltUô 5U-60 Control ia UO 1 0 0 2.h 
Spores 77 75 2 0 0 2.6 
MU4U7 60-66 Control 75 7U 1 0 0 1.3 
Spores 1U3 1U2 1 0 0 0.7 
laiOiô 60-66 Control 63 63 0 0 0 0 
Spores 103 99 U 0 0 3.9 
M1UU7 66-72 Control 3U 3U 0 0 0 0 
Spores 57 57 0 0 0 0 
ICLUUÔ 66-72 Control 53 51 1 0 1 2.0 
Spores 106 103 3 0 0 2.9 
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Table 2a. Partial repeat of Experiment I. Mortality of honey-bee 
brood of the susceptible line inoculated at various ages. 
Source Inocula- Final count Per cent 
of tion age Treat- Base Living Missing Observed dead nonsur-
larvae (hours) ment count AFB Unknown vival 
M1U7U 0-6 Control 38 38 0 0 0 0 
Spores 72 2 66 h 0 97.2 
MU16U 0-6 Control 19 19 0 0 0 0 
Spores 62 5 57 0 0 92.8 
M1U7U 6-12 Control 26 26 0 0 0 0 
Spores 66 3 hi 15 1 95.3 
M1U6U 6-12 Control 30 30 0 0 0 0 
Spores 61 3 U9 9 0 95.1 
M1U7U 12-18 Control 50 h9 1 0 0 2.0 
Spores 99 28 32 39 0 71.7 
mliSh 12-18 Control Ul 38 3 0 G 7.3 
Spores 79 12 53 1U 0 83.5 
M1U7U 18-21; Control 38 35 3 0 0 7.9  
Spores 64 25 7 32 0 60.9 
M1U6U 18-2U Control S3 52 1 0 0 1.9 
Spores 82 19 3U 32 0 77.6 
M1U7U 2U-30 Control 39 39 0 0 0 0 
Spores 65 37 8 1 20 0 13.1 
MD46U 2U-30 Control 33 32 1 0 0 3.0 
Spores U2 31 11 0 0 26.1, 
MU4.7U 30-36 Control 25 25 0 0 0 0 
Spores 53 I18 h 1 0 9.1| 
MHt6L 30-36 Control 39 32 1 0 0 17.5 
Spores 73 59 3 11 0 19.2 
M1U7U 36-U2 Control 36 36 0 0 0 0 
Spores 73 67 6 0 0 8.2  
Mill. 61; 36-U2 Control U9 Î-2 7 0 0 13.3 
Spores 103 8U 15 h 0 18. u 
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Table 2b. Partial repeat of Experiment I. Mortality of honey-bee 
brood of the resistant line inoculated at various ages. 
Source Inocula- Final count Per cent 
of tion age Treat- Base Living Missing Observed dead nonsur-
larvae (hours) ment count AFB Unknown vival 
MUt57 0-6 Control 81 78 3 0 0 3.7 
Spores 155 19 76 60 0 87.7 
M1U82 0-6 Control 80 78 2 0 0 2.5 
Spores 122 9 110 3 0 92,6 
6-12 Control 67 6U 3 0 0 !w5 
Spores i5o U5 la 62 2 69.6 
M1U82 6-12 Control Ui 3U 7 0 0 17.0 
Spores 9k 10 65 19 0 89.1 
m.h<7 12-18 Control 62 59 3 0 0 U.8 
Spores 158 91 27 Uo 0 1*2.0 
MlW 12-18 Control 38 26 12 0 0 31.6 
Spores 61; 22 33 9 0 65.6 
M1U5? 18-2U Control 7U 73 1 0 0 l.U 
Spores 137 108 12 16 1 20.6 
M1U82 1 
CO H
 Control 52 hi 5 0 0 9.0 
Spores 80 52 20 8 0 35.0 
M1L57 2U-30 Control 7U 71 3 0 0 3.U 
Spores 137 110 17 10 0 19.7 
M1U82 2U-30 Control 19 78 1 0 0 1.3 
Spores 135 125 8 2 0 7.2 
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Table 3a. Experiment II. Mortality of honey-bee brood of the suscept­
ible line inoculated at various ages. 
Source Inocula- Final count Per cent 
of tion age Treat- Base Living Missing Observed dead nonsur-
larvaa (hours) ment count AFB Unknown vival 
MHt6£ 0-6 Control 50 1*6 1* 0 0 8.0 
Spores 83 3 Ik 6 0 96.1* 
M1U63 6-12 Control 1*5 1*1* 1 0 0 2.2 
Spores 100 5 86 9 0 95.0 
M1U63 12-18 Control 1*9 1*6 3 0 0 6.1 
Spores 117 10 81 26 0 91.5 
M1U6U 18-21* Control 53 50 3 0 0 5.7 
Spores 91* 29 1*9 16 0 69.1 
Mil*65 2U-30 Control 1*1* 1*1* 0 0 0 0 
Spores 89 65 15 9 0 27.0 
M1U75 30-36 Control 35 33 2 0 0 5.7 
Spores 61* 5U 10 0 0 15.6 
MIU63 36-L2 Control 61 56 5 0 0 8.2 
Spores 106 103 2 1 0 2.8 
MII4.76 U2-U8 Control lit 12 2 0 0 m.3 
Spores 36 31* 2 0 0 5.6 
M1U6U 1*8-51* Control a 1*0 1* 0 0 9.1 
Spores 81+ 81 2 0 1 2.il 
MIU63 5U-60 Control 56 51* 2 0 0 3.6 
Spores 116 107 9 0 0 7.8 
Mll*75 60-66 Control 37 36 1 0 0 2.7 
Spores 96 95 1 0 0 1.0 
MIL76 66-72 Control 13 12 1 0 0 7.7 
Spores 19 17 1 0 1 5.6 
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Table 3b. Experiment II. Mortality of honey-bee brood of the resistant 
line inoculated at various ages. 
Source Inocula- Final count Per cent 
of tion age Treat- Base Living Missing Observed dead nonsur-
larvae (hours) ment count AFB Unknown vival 
MU0i7 0-6 Control 52 50 2 0 0 3.8 
Spores 100 22 33 U5 0 78.0 
M1L57 6-12 Control 52 52 0 0 0 0 
Spores 103 30 28 U5 0 70.9 
MU^7 12-18 Control 87 82 k i 0 5.7 
Spores 178 125 k U8 1 29.8 
MlUU7 18-21 Control. 38 36 2 0 0 5.3 
Spores 86 63 7 16 0 26.7 
KLUU7 2U-30 Control 71 71 0 0 0 0 
Spores 119 116 2 1 0 2.5 
M1UU6 30-36 Control 38 38 0 0 0 0 
Spores 91 89 0 2 0 2.2 
KLU57 36-12 Control 60 60 0 0 0 0 
Spores 126 122 k 0 0 3.2 
>aa7 U2-U8 Control U2 la 0 0 1 0 
Spores 9k 93 1 0 0 1.0 
KLU57 5U-60 Control 70 70 0 0 0 0 
Spores 122 120 2 0 0 1.6 
Mlt|)j6 60-66 Control 31 31 0 0 0 0 
Spores 67 65 2 0 0 3.0 
M1UU7 66-72 Control 52 52 0 0 0 0 
Spores 111 108 3 0 0 2.7 
Table lia. Partial repeat of Experiment II 
line inoculated at various ages 
Source Inocula-
of tion age Treat- Base 
larvae (hours) ment count 
M1U65 0-6 Control h3 
Spores 72 
M1U6U 6-12 Control hi 
Spores 88 
MlUôit 12-18 Control 5L 
Spores 108 
mklï 18-2U Control 32 
Spores 59 
M1U65 2U-30 Control 6U 
Spores 95 
M1U75 2U-30 Control 60 
Spores ill 
M1U76 36-U2 Control 32 
Spores 68 
Mortality of honey-bee brood of the susceptible 
Final count Per cent 
Living Missing Observed dead nonsur-
AFB Unknown vival 
39 3 1 0 9.3 
3 U8 20 1 95.8 
35 5 1 0 1U.6 
8 51 29 0 90.9 
52 2 0 0 3.7 
18 3h 56 0 83.3 
30 2 0 0 6.2 
15 25 19 0 7U.6 
58 6 0 0 9.U 
70 6 18 1 25.5 
58 1 1 0 3.3 
63 k hh 0 L3.2 
31 1 0 0 3.1 
58 9 1 0 lU.7 
Table Lb. Partial repeat of Experiment II. Mortality of honey-bee brood of the resistant 
line inoculated at various ages. 
Source Inocula­ Final count Per cent 
of tion age Treat­ Base Living Missing Observed dead nonsur­
larvae (hours) ment count AFB Unknown vival 
Mlk57 0-6 Control 50 k3 7 0 0 ik.0 
Spores 82 18 2k ko 0 78.1 
MH|82 6-12 Control 7k 71 3 0 0 k.o 
Spores 158 25 52 81 0 8k.2 
ELU82 12-18 Control 53 51 2 0 0 3.8 
Spores 123 52 2k k? 0 57.7 
Mlk57 18-2U Control 65 65 0 0 0 0 
Spores 157 128 2 26 1 17.9 
Mlk57 2U-.30 Control 77 77 0 0 0 0 
Spores lk2 130 8 k 0 8.5 
Mlk57 2U-30 Control 57 5k 3 0 0 5.3 
Spores ill iok 1 6 0 6.3 
Mlk82 36-42 Control 6k 62 2 0 0 3.1 
Spores 129 126 3 0 0 2.3 
Mllf.82 k8-5k Control 25 25 0 0 0 0 
Spores k5 k5 0 0 0 0 
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A close inspection of the results from the two differ­
ent experiments indicated that environmental variation over 
a couple of weeks and genetic variability within the two 
lines were not important factors in this study. Thus, the 
data obtained from the two kinds of experiments, and the 
partial repeats of each, were pooled and are presented in 
Tables 5a and 5b, and Figure 3. Tables 5a and 5b present 
the total number of larvae involved at each inoculation age. 
Figure 3 is a graphic presentation of the per cent mortality 
at each larval inoculation age. 
Visual inspection of the graph (Figure 3) indicates 
clearly that there is a difference in mortality between the 
control and spore-inoculated larvae in each line, especial­
ly at the early inoculation ages. In the spore-inoculated 
larvae of the resistant line, mortality decreases as age at 
time of inoculation increases. There is a delay of several 
hours before mortality decreases substantially in the sus­
ceptible line. Lewis (1959) and Hitchcock (1958) have ob­
served a similar decrease in mortality with increasing age 
at inoculation. 
A chi-square analysis was used to determine whether 
there was a significant difference in the loss of control 
and spore-inoculated individuals in each line. A 3-way con­
tingency table technique was used in this and subsequent 
analyses, based upon the suggestion of Roy and Mitra (1956). 
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Table £a. Pooled data from Experiments I and II, and the partial 
repeats of each, showing mortality of honey-bee brood of 
the susceptible line inoculated at various ages. 
Inocula- Final count Per cent 
tion age Base living Missing Observed dead nonsur-
( hours) Treatment count AFB Unknown vival 
0-6 Control 3 66 347 18 l 0 5.2 
Spores 598 76 459 61 2 87.3 
6-12 Control 218 206 il 1 0 5.5 
Spores 446 39 337 68 2 91.3 
12-18 Control 308 298 9 0 1 2.9 
Spores 615 109 310 196 0 82.3 
18-24 Control 271 259 12 0 0 4.4 
Spores 522 172 182 168 0 67.1 
24-30 Control 312 295 16 1 0 5.5 
Spores 578 394 59 124 1 31.8 
30-36 Control 202 189 13 0 0 6.4 
Spores 371 333 25 12 1 10.2 
36-42 Control 284 270 14 0 0 4.9 
Spores 534 492 36 6 0 7.9 
42-48 Control 106 100 6 0 0 5.7 
Spores 206 196 10 0 0 4.9 
48-54 Control 153 144 9 0 0 5.9 
Spores 312 305 4 0 3 1.3 
54-60 Control 167 165 2 0 0 1.2 
Spores 300 288 12 0 0 4.0 
60-66 Control 117 115 2 0 0 1.7 
Spores 263 259 4 0 0 1.5 
66-72 Control 112 111 1 0 0 0.9 
Spores 205 200 4 0 1 1.9 
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Table £b. Pooled data from Experiments I and II, and the partial 
repeats of each, showing mortality of honey-bee brood of 
the resistant line inoculated at various ages. 
Inocula­
tion age 
(hours) 
Final count 
Treatment 
Base 
count 
Living Missing Observed dead 
AFB Unknown 
Per cent 
nonsur­
vival 
0-6 Control U69 UU6 23 0 0 a.9 
Spores 776 138 38b 251 3 82*2 
6-12 Control 303 288 15 0 0 5.0 
Spores 6L9 162 2L8 237 2 75.0 
12-18 Control 366 3k2 22 1 1 6.3 
Spores 762 UU7 96 215 h la.o 
18-2U Control 293 285 8 0 0 2.7 
Spores 567 L55 hh 66 2 19.8 
2U-30 Control U65 U5U 11 0 0 2.U 
Spores 891 826 Ui 2U 0 7.3 
30-36 Control 172 169 3 0 0 1.7 
Spores 3U7 329 lU 3 1 U.9 
36-12 Control 171 166 < 0 0 2.9 
Spores 369 359 10 0 0 2.7 
U2-U8 Control 117 ill 2 0 1 1.7 
Spores 232 226 6 0 0 2.6 
U8-5U Control 139 136 3 0 0 2.2 
Spores 258 25U h 0 0 1.6 
5U-60 Control 151 l5o 1 0 0 0.7 
Spores 273 272 6 0 0 2.2 
60-66 Control 169 168 1 0 0 0.6 
Spores 313 306 7 0 0 2.2 
66-72 Control 139 137 1 0 1 0.7 
Spores 27U 268 6 0 0 2.2 
Figure 3. Mortality of honey-bee brood of both the resistant itnd 
susceptible lines inoculated at various ages. Pooled 
data from Experiments I and II, and the partial repeats 
of each. 
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In this case the null hypothesis tested was that mortality 
is independent of treatment, in each line. A chi-square 
value was calculated for each age group, and the information 
pooled in order to make an overall test for the whole mor­
tality curve. The chi-square value obtained, for each line, 
overwhelmingly rejects the null hypothesis (Table 6). 
The exact inoculation age at which the larvae of the 
two lines are no longer susceptible to B. larvae is diffi­
cult to determine. Examination of the chi-square values for 
each inoculation age (columns 2 and 3, in Table 6) would 
indicate that the larvae of both lines are resistant after 
30 houra. A close inspection of the graph (Figure 3), how­
ever, reveals that in this area the loss of control larvae 
is rather high in the susceptible line. Also, larvae and 
pupae dead of AFB were observed in final counts from the 
resistant line at the 33-hour and in the susceptible line 
at the 39-hour inoculation ages (Tables 5a and 5b). There­
fore, it would seem more realistic to conclude that complete 
immunity is not reached until about 36 hours in the resist­
ant line and, perhaps, 45-48 hours in the susceptible line. 
Additional larvae of both lines were obtained and inoculated 
at ages of 27 up to 45 hours in the summer of 1959. The re­
sults, in general, support the above conclusions (Appendix 
Tables 8a and 8b). 
The question then arose, whether the "missing" larvae 
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Table 6. Chi-square values for statistical analysis of the pooled data. 
Inocu­
lation 
age 
(hours) 
Degrees 
of 
freedom 
Spore-inoculated 
vs. controls, 
within lines* 
R.L.L. S.L.L. 
Control 
vs. 
control, 
between lines 
Spore-inoculated 
vs. 
spore-inoculated, 
between lines 
0-6 1 763.98** 616.la** 0.20 6.26* 
6-12 1 U02.91*» U29.ii7** 0.01 U5.21** 
12-18 1 1U0.53** 5i6.;>* 0.97 238.01** 
18-2U 1 UU.18** 279.U3** 0.7U 2U9.70** 
2U-30 1 13.12** 78.63** It.26* 1U6.86** 
30-36 1 2.31 1.66 3.91* 5.93* 
36-U2 1 0.02 2.07 0.63 9.76** 
U2-U8 1 0.02 0.00 1.U5 1.01 
U8-5U 1 0.00 6.29* 1.71 0.01 
5L-60 1 0.59 2.01 0.10 1.07 
60-66 1 0.95 0.10 0.10 0.10 
66-72 1 0.U7 0.06 0 . 3 2  0.02 
12 1369.07** 1932.88** lU.ltO 703.91** 
* Chi-square significant at 0.05 probability. 
** Chi-square significant at 0.01 probability. 
aR.L.L. • resistant-line larvae; S.L.L. • susceptible-line larvae. 
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and pupae from the older inoculation ages had died of APB 
before being removed by the house-cleaning bees. To test 
this, larvae from each line were inoculated at 51 and 61 
hours of age. These larvae were reared in a nurse colony 
until sealing of the cells (6th day) and then transferred to 
an incubator until time for the final count. (Rothenbuhler 
and Thompson* found that resistant bees usually removed the 
diseased larvae and pupae between the seventh and twelfth 
day.) Several of these larvae and/or pupae died during the 
incubation period, but none of the dead manifested the char­
acteristic signs of AFB. 
With a few exceptions, mortality was low in the control 
larvae and pupae. Just why there was a high loss of water-
inoculated larvae in some cases is not clear. Usually, 
when there was an unusual loss of controls, the loss of 
spore-inoculated individuals was also higher than might be 
expected. The frequent opening of the hives and disturbance 
of the bees during the course of the investigation may have 
had an adverse effect on the behavior of the bees. Day-to-
day counts of the brood would have been required in any at­
tempt to correlate excessive removal of brood with honey 
*£cthenbuhler, V.7. 0. and V. 0. Thompson. Department 
of Zoology and Entomology, Iowa State University of Science 
and Technology, Ames, Iowa. Hygienic behavior in honey 
bees. Private communication. I960. 
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flow. Lindauer (1953) has observed that worker bees some­
times ate the larval food and also the larvae for no appar­
ent reason. A total of four individuals dead of AFB were 
observed in the controls, three in the susceptible line and 
one in the resistant line (Tables 5a and 5b). These larvae 
were probably infected through contamination by the nursing 
bees. 
In the case of the controls, the chi-square analysis 
was used to test the null hypothesis that mortality in the 
control brood is independent of line. The pooled chi-square 
value obtained was 14.40 (Table 6). Under the null hypoth­
esis the probability of getting a larger value due to chance 
alone is about 0.28. Thus, there is no significant evidence 
that the mortality is different in the controls of the two 
lines. 
At the first inoculation age, mortality is high in the 
brood of both the resistant and the susceptible lines of 
bees. Then, as pointed out above, mortality begins to drop 
immediately in the resistant line, while there is a delay of 
several hours in the susceptible line. A visual inspection 
of the two mortality curves resulting from spore treatment 
of larvae indicates that there is a real difference in mor­
tality of the brood of the two lines, at the early inocula­
tion ages. For example, at the 15-hour inoculation age 
there is a difference in mortality of about 41 per cent; 
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there is a difference of about 47 per cent at the 21-hour 
inoculation age. A chi-square was calculated to test the 
null hypothesis that mortality of the spore-inoculated lar­
vae is independent of line. The chi-square value obtained 
was highly significant (Table 6), and the null hypothesis 
was rejected. This difference between mortality curves 
from the spore-inoculated larvae is interpreted to mean 
that there is a difference in larval resistance to B. larvae 
in the two lines of honey bees. 
In his investigation, Lewis (1959) found no difference 
in survival of the progeny of the resistant-line and sus-
ceptible-line drones mated to a resistant queen, which were 
spore-inoculated during the first 18 hours of age. This age 
corresponds to the first instar period of the bee larva, 
according to Bertholf (1925). The results of the present 
investigation do not concur with those of Lewis (1959). The 
individual chi-square values for both the 6-12 and 12-18 
inoculation ages are highly significant (column 6 in Table 
6). At the 0-6 inoculation age, however, there is only 
about a five per cent difference in mortality of the brood 
of the two lines. It has been suggested that a smaller 
inoculation dosage might bring out a greater difference in 
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mortality at this age (Bailey*). The reasoning behind this 
suggestion is that the large number of spores fed to such 
small larvae may have overwhelmed the larvae and thus masked 
any difference to B. larvae which might have existed in the 
two genetic types. Statistically, there was a significant 
difference at the five per cent level but not at the one per 
cent level at this inoculation age (column 6 in Table 6). 
The results of this part of the present investigation 
confirm the conclusions of Rothenbuhler and Thompson (1956) 
and Lewis (1959)» that differential resistance to B. larvae 
does exist in honey-bee larvae of identical ages. Further­
more, the mortality curves derived provide the basis for a 
study of the genetics of differential resistance in these 
two lines. 
Distribution of Bacteria in Host 
Fortunately, for a study of histopathology in honey 
bees, the normal anatomy and histology has been reasonably 
well studied. Nelson (1915, 1924) has investigated the 
embryology of honey bees and, also, larval morphology; 
Oertel (1930) worked on the process of metamorphosis ; 
*Bailey, L. Rothamsted Experiment Station, Harpenden, 
Herts, England. The relationship of pathogen dosage to 
differential resistance in honey-bee larvae. Private com­
munication. I960. 
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Dobrovsky (1951) studied post-embryonic changes in the di­
gestive tract; Myser (1954) has reported on external and 
internal development of larvae and pupae. 
The total number of individuals examined in the histo­
pathologic al study reported here is shown in column three of 
Tables 7a and 7b. In these tables, the age of each individ­
ual at the time of sampling is given in column one. Treat­
ment is indicated in column two. Column four includes those 
individuals which had vegetative cells of B. larvae in the 
gut only. The larvae and pupae in which the bacteria had 
escaped from the gut and had penetrated the body cavity are 
shown in columns five and six. These latter individuals are 
further classified as to whether the number of bacteria in 
the body cavity was small (column 5) or large (column 6). 
No vegetative cells were found in the individuals listed in 
column seven. 
After observing the high mortality of larvae inoculated 
at 0-6 hours of age (Figure 3), it is somewhat surprising to 
note that nearly one-fourth of the spore-inoculated larvae 
in the susceptible line and nearly one-third in the resist­
ant line were observed to contain no vegetative cells of 
3. larvae. However, some of the younger larvae of this 
group did contain spores of B. larvae which had not germi­
nated. The sections of three larvae from the susceptible 
line and two from the resistant line, of 1 day of age that 
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Table ?»• Occurrence of vegetative cells of B. larvae in the larvae and 
pupae of the susceptible line. 
Age Total Individuals with Individuals with 
in Treat­ larvae bacteria no bacteria 
days ment exam­ In bo<jy ïn body 
ined In gut cavity, cavity, 
only light heavy 
1 Control 3 0 0 0 3 
1* 
Spores 7 3 0 0 U 
Control 2 0 0 0 2 
Spores U 2 0 0 2 
2 Control 0 - - - -
2£ 
Spores 0 - - - -
Control 2 0 0 0 2 
Spores 3 1 2 0 0 
3 Control 1 0 0 0 1 
Spores 3 3 0 0 0 
U Control 1 0 0 0 1 
Ui 
Spores 6 2 3 0 1 
Control 2 0 0 0 2* 
Spores 1 1 0 0 0 
2 Control 2 0 0 0 2b 
Spores 6 3 1 0 2 
6 Control 3 1 0 0 2C 
Spores 5 U 0 0 1 
7 Control 3 1 0 0 2 
Spores 7 0 2 2 3 
8 Control 3 l 0 0 2 
Spores 5 0 2 3 0 
9 Control l 0 0 0 1 
Spores k 0 1 3 0 
Total control 23 3 0 0 20 
Total spores 51 19 11 8 13 
•These two larvae had many thin, gram negative rods and a few gram-
positive rods which may have been B. larvae. 
toOne of these individuals had thin, gram-negative rods In the gut. 
cOne of these individuals had what appeared to be sporulatlng 
bacteria in the gut. 
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Table 7b. Occurrence of vegetative cells of B. larvae in the larvae and 
pupae of the resistant line. ~ 
Age Total Individuals with Individuals with 
in Treat­ larvae bacteria no bacteria 
days ment exam­ In gut In body In body 
ined only cavity, cavity, 
light heavy 
1 Control 3 0 0 0 3 
li 
Spores 5 1 0 0 U 
Control 2 0 0 0 2 
Spores U 2 1 0 1 
2 Control 0 - - - -
2i 
Spores 3 1 - 2 
Control 2 0 0 0 2 
Spores u 2 1 1 0 
3 Control 1 0 0 0 1 
Spores u 3 0 1 0 k Control 2 0 0 0 2 
Ui 
Spores 6 3 1 1 1 
Control 2 1 0 0 !• 
Spores 1 0 1 0 0 
5 Control 2 0 0 0 2 
Spores 6 U 1 0 1 
6 Control U l 0 0 3b 
Spores 5 3 1 1 0 
7 Control 2 0 0 0 2 
Spores 6 1 0 0 5 
8 Control 2 0 0 0 2 
Spores 7 0 2 2 3 
9 Control 1 0 0 0 1 
Spores 2 0 1 1 0 
Total control 23 2 0 0 21 
Total spores 53 20 9 7 17 
•This individual had long, gram-negative rods in the gut. 
**Two of these individuals had what appeared to be sporulating 
bacteria in the gut. 
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did not contain vegetative cells were re-stained with the 
spore stain mentioned previously in the Materials and Meth­
ods section. All of these larvae contained spores. The 
spores were located in the midgut. Prom this it was con­
cluded that the spores germinated in the midgut, and that 
the time of germination, or perhaps the time of ingestion 
of the spores, is variable. In all cases there were only a 
few spores observed in the midgut of a larva. Thickness of 
the sections (10/x ) in proportion to the size of the spores 
(0.6fi x 1.3fi ) may have obscured some spores since the stain 
used gave a reddish tint to the contents of the gut as well 
as to the spores, making differentiation too difficult. 
A comparison of columna four, five, and six in Table 7a 
with the same columns in Table 7b indicates that there is 
little difference in the number infected and in the location 
of the bacteria in the brood of the two lines. As the two 
genetic lines show little difference in mortality at this 
inoculation age (Figure 3), one would expect no significant 
differences in the progress of the disease in the two lines. 
Therefore, there was no attempt to make a further compara­
tive study of the disease in the two different lines of 
bees. 
Further presentation and discussion of the spore-
inoculated larvae studied will be made according to the tab­
ular classification already presented. Bacteria-free con-
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trois were studied along with spore-inoculated larvae at 
each age. 
Several of the water-inoculated larvae contained a few 
gram-positive bacteria which were presumed to be B. larvae, 
and they were so designated in Tables 7a and 7b. B. larvae 
organisms are gram-variable, according to Breed et al. 
(1957), but showed up as gram-positive in all staired sec­
tions of spore-inoculated larvae in this investigation. 
There were only two instances where both gram-negative and 
gram-positive bacteria were found in the same individual. 
This may be a case of B. larvae occurring with other bacte­
ria in the same host. However, it is not known if in this 
case it was actually B. larvae that was present. It may be 
that these bacterial rods were not sufficiently destained 
and were actually all the same type of gram-negative bacte­
ria. It was observed by Lockhead (1937), and in the present 
investigation, that other bacteria usually do not occur with 
B. larvae. 
Additional instances of gram-negative bacteria were 
observed in some of the controls, as indicated in the foot­
notes to Tables 7a and 7b. 
Larvae with bacteria in the gut only 
Pour of the 12 larvae sampled at 1 day of age had vege­
tative cells of B. larvae in the midgut lumen. These bacte­
ria were usually located near the center of the lumen, often 
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appearing in clumps (Figure 4). After the first day, a 
clumping of the bacteria was no longer observed. The peri-
trophic membrane, a secretion of the gut epithelial cells, 
was present at Vk days, and the bacteria were contained 
within this structure (Figure 5). Most of the larvae at 2 
days of age were not usable. Of three larvae, only one had 
bacteria and these bacteria were within the midgut. At 2)6 
days there was the first indication of bacteria penetrating 
the peritrophic membrane and approaching the gut epithelial 
cells. In some cases, the bacteria were obviously attacking 
the midgut epithelium (Figure 6). 
At 3 days there was a great deal of variation in the 
number of bacteria present. It is at this age that the bac­
teria have been reported to decrease in number (Holet, 1946; 
Kitaoka et al.. 1959). In some larvae the number of bacte­
ria was very low; in others there was a great number of 
bacteria which were attacking the gut epithelium, even in­
vading it. The bacteria seemed to first line up along the 
striated borders of the epithelial cells (Figure 7). Often 
there was a concentration of bacteria observed near the 
anterior and posterior ends of the gut. One remarkable case 
was observed at this age. The epithelial cells at the ante­
rior end of the midgut were being destroyed and sloughed 
into the lumen. Only a thin outer layer, presumedly of 
muscle, remained in some places. However, the bacteria 
Figure 4. 1 day. Bacteria clumped in the lumen of the 
midgut. 
Figure 5. l)i days. Bacteria within the peri trophic 
membrane. 
Figure 6. 2)6 days. Bacteria penetrating the peri-
trophic membrane and attacking the gut 
epithelium. 
Figure 7. 3 days. Bacteria lined up along the gut 
epithelium. 
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seemed to be contained within the gut as yet (Figure 8). 
Except for the case just cited, there has been little 
observable difference between the cells and tissues of the 
infected larvae and the controls. Considerable variability 
and frequent lack of intensity in the staining made accurate 
comparisons difficult. There was some damage to the gut 
epithelial cells from the attacking bacteria. Also, the 
epithelial cells of infected larvae appeared to be somewhat 
larger and more actively secreting than in the controls. 
There is little change in larvae of 4 and 4# days of 
age. The bacteria again varied in number, from relatively 
few to many. Local foci of bacteria occurred near the ends 
of the midgut, also there were some instances where the bac­
teria were attacking the epithelium. 
The number of bacteria was also variable in the 5-day 
larvae. Where there was a large number of bacteria they ap­
peared to be attacking the epithelium. In some cases, the 
epithelial cells of the midgut appeared paler in color in 
the part of the cells away from the lumen. However, this 
could also be observed to a certain extent in some controls. 
This was possibly the first indication of the forthcoming 
breakdown of cells and tissues prior to metamorphosis. The 
peritrophic membrane was very thick at this age, surrounding 
a mass of feces. Cells of the fat body contained many drop­
lets. According to Jaeckel (1930), this was primarily 
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albuminoid material. He designated these cells as fat-
protein cells. In gross studies he found the infected lar­
vae to have a smaller fat body than the controls. Micro­
scopically, it appeared that there may be some reduction of 
fat cells in the infected larvae. 
Larval development was variable in the samples taken on 
the sixth day. Some larvae still contained feces, whereas 
in the others the midgut and hindgut had joined and defeca­
tion had taken place. The number of bacteria present ranged 
from a few foci Vi the ends of the gut to many throughout 
the lumen, often sending finger-like projections into the 
epithelium. The epithelial cells were becoming highly vacu­
olated, presumably preliminary to the sloughing of the 
larval epithelium at metamorphosis (Figure 9). In some 
cases, epithelial cell fragments, as well as whole cells, 
were observed in the gut lumen. It appeared that the vacu­
olization of the epithelial cells may have been a little 
more pronounced in the infected larvae, possibly due to the 
influence of the bacteria. It is at this time, when the 
larval epithelium is degenerating, that the bacteria are 
reported to be able to leave the gut and invade the body 
cavity (Maassen, 1908; Jaeckel, 1930). The results reported 
so far would seem to indicate that this is true, but as will 
be seen later, bacteria may invade the body cavity much ear­
lier. According to Dobrovsky (1951), there is actually no 
Figure 8. 3 days. Gut epithelial cells dislodged and 
floating free in gut lumen. 
Figure 9. 6 days, Vacuolization of gut epithelium. 
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complete absence of gut epithelium at any time in metamor­
phosis, but, rather, it is a gradual change from degenerat­
ing larval to new pupal epithelium. It would seem, however, 
that this time of change in epithelium would be favorable to 
penetration by the bacteria. 
Only one individual sampled at 7 days of age had bacte­
ria in the gut and not in the body cavity. The bacteria 
were attacking the epithelium of the gut, but had not suc­
ceeded in breaking through. 
No cases of bacteria in the gut only were observed in 
the 8-day and 9-day-old individuals. 
larvae and pupae with light infection of bacteria in body 
cavity 
Bacteria were first observed outside the gut, in the 
body cavity, in a larva of Vk days of age. They were lo­
cated both dorsal and ventral to the gut, especially near 
the posterior end. The amount of damage caused by the bac­
teria was difficult to determine. The tissues near the dor­
sal posterior body wall appeared somewhat degenerate, how­
ever, the tissues of this area were often poorly preserved 
in the controls. It is not known just how the bacteria 
escaped from the gut. The bacteria within the gut were for 
the most part within the peritrophic membrane. The gut epi­
thelium appeared normal. It may be stated, however, that 
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breaks in the gut epithelium occurred at times in other 
spore-inoculated and control larvae, as well as in this one, 
but this condition has been attributed to the preparation of 
the sections. 
Little alteration of cellular structure was observed in 
larvae of 2, 2)6, 4, 4)6, and 5 days of age that had a light 
invasion of bacteria in the body cavity. In one 2)6-day 
larva there was some destruction of tissues near the dorsal 
body wall (Figure 10). Approximately the same area is shown 
in a control larva in Figure 11. For the most part, the 
bacteria seemed to be in the spaces between the cells. 
Often the bacteria in the body cavity were located near 
one of the cut ends of the larva. It seems possible that 
in many such cases the bacteria were actually within the gut 
and then spread into the tissues at the time the ends were 
cut off of the larva (prior to fixation). The bacteria 
were very numerous in the gut in most of the larvae of these 
ages, and, often, they were invading the epithelium. There 
was considerable sloughing of epithelial cell fragments in 
one 5-day larva, more so than in its respective control. 
It is possible that the bacteria may have been able to pene­
trate the degenerating epithelium in these areas and thus 
escaped from the gut. 
Bacteria were fairly numerous in the body cavity of one 
6-day larva, but hardly enough to call it a heavy infection. 
Figure 10. 2)6 days. Destruction of tissues in larva 
with a light infection of bacteria in the 
body cavity. 
Figure 11. 2)6 days. Normal appearance of the same 
area shown in Figure 10, in a control larva. 
Figure 12. 7 days. Bacteria breaking through the meta­
morphosing gut epithelium. 
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They were located primarily in the intercellular spaces. 
Degeneration of gut epithelium had taken place, with inva­
sion by the bacteria. The other body cells appeared as in 
the controls. The plug between the midgut and hindgut was 
very thin and heavily invaded by bacteria. 
In larvae sampled 7 days after inoculation, the gut 
epithelium showed considerable degeneration. Many bacteria 
were within the gut, and, also, were breaking out into the 
body cavity (Figure 12). The actual number of bacteria 
scattered throughout the body cavity was small. There ap­
peared to be little effect on the tissues. 
By the eighth day, the fat cells appeared smaller, in 
some individuals, than in the controls. Some of the in­
fected individuals contained a few very large fat cells, 
termed "giant fat cells" by Jaeckel (1930). A large number 
of droplets within the cells of the fat body inhibited the 
study of nuclear details. Bacteria were penetrating the gut 
epithelium at the junction of the midgut and hindgut. There 
appeared to be little or no effect on the other tissues as 
yet. 
There were two individuals from the ninth-day samples 
which had a relatively small number of bacteria still in the 
gut. One of these individuals had a few bacteria in the 
edges of the tissues along one cut end, the other had bacte­
ria in the debris just beyond the cut end of the gut. It 
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appeared that these bacteria may have escaped by a spilling 
out of the gut contents at the time the ends of the pupae 
were removed. At this age (9 days) the larval gut epithe­
lium has been completely replaced. It would appear that the 
bacteria have not been able to penetrate the body cavity. 
Or, if some bacteria did escape they may have been overcome 
by the body defense mechanisms. What body defense mecha­
nisms are active in immature honey bees has not been estab­
lished. Gary et al. (1948) have postulated the existence 
of an antibody-forming mechanism. There is no phagocytosis 
of the bacteria, according to Jaeckel (1930). Similarly, 
no such activity was observed in the present Investigation. 
The presence of bacteria in only the gut of these pupae, at 
this late period, would still seem to be insufficient evi­
dence for presuming that these pupae had had a subclinical 
infection and were recovering at the time they were killed. 
It is possible that none of the bacteria were able to escape 
from the gut even at metamorphosis of the gut epithelium. 
However, it should be pointed out that foci of bacteria were 
observed, in other infected individuals, near the ends of 
the gut. Thus, it may have been that the bacteria in these 
two individuals escaped into the body cavity through an area 
of the gut which was not included in this study. This could 
also be true of other individuals, mentioned in this sec­
tion, which had bacteria only in areas near the out end. 
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Larvae and pupae with heavy infection of bacteria in body 
cavity 
The first larva with a heavy infection of the body cav­
ity was at days of age. The gut was full of bacteria. 
Bacteria were breaking through the gut wall in several 
places (Figure 13). Severe destruction of all tissues was 
coextensive with the advance of the bacteria (Figure 14). 
Just beyond the line of bacterial progress, Malpighian tu­
bules, nerve cord, and other structures appeared to be only 
slightly damaged. Both the damaged and undamaged areas may 
be compared with a healthy control in Figure 15. 
A 3-day-old larva was the next one found to have a 
heavy infection in the body cavity. The gut was again full 
of bacteria. In the body cavity most of the bacteria were 
found in the dorsal and anterior regions. The epithelium 
at the anterior end of the gut was completely destroyed in 
some areas, with only a little of the investing muscle layer 
remaining. The cytoplasm was vacuolated in the cells that 
remained. Nuclei were pycnotic or absent. The epithelial 
cells freed in the lumen were in various stages of degenera­
tion. Bacteria were lined up along the striated border of 
the epithelial cells in other areas, but the epithelium was 
not yet visibly affected. In some areas of the body, where 
the bacteria were numerous, most cells and tissues had been 
reduced to a granular mass. Only oenocytes remained and 
Figure 13» 2% days. Bacteria breaking out of the gut 
in larva with heavy infection in the body 
cavity. 
Figure 14. 21k days. Erosion of tissue, primarily fat 
body, in larva with a heavy infection. 
Figure 15. 2% days. Normal appearance of the same area 
in a control. 
67 
* 
68 
even they appeared granular and contained pycnotic nuclei. 
These latter cells are among the most resistant to degenera­
tion, according to Jaeckel (1930). 
A series of sections from a 4—day larva show the de­
struction of the epithelium and break-through of the bacte­
ria (Figures 16, 17, 18, 19)• The gut and body cavity of 
this larva were full of bacteria. Almost all the tissues 
showed some degeneration. Oenocytes, Malpighian tubules, 
silk glands, and fat body all had some cells with vacuolated 
cytoplasm and darkly granular to pycnotic nuclei (Figure 20). 
Nervous tissue stained poorly and, as a result, appeared not 
too different from the controls (Figure 21). Cells of the 
tracheae did not seem to be affected to any great extent. 
There was a tendency for the bacteria to be crowded into the 
intercellular spaces and not so much into the cells them­
selves. 
In the three cases discussed above, the bacteria have 
escaped from the gut, in large numbers, much sooner than 
would be expected if the escape of bacteria occurs primarily 
at metamorphosis. In all cases, the bacteria were able to 
destroy the midgut epithelium at one or more places in order 
to enter the body cavity. 
Larvae and pupae of 6, 7, 8, and 9 days of age with a 
heavy infection showed varying degrees of putrefaction. The 
amount of putrefaction appeared to vary with the number of 
Figure 16. 
Figure 17. 
Figure 18. 
Figure 19. 
4 days. Destruction of gut epithelium in a 
heavily infected larva. 
4 days. Further destruction of epithelium 
in the next section of the same larva. 
4 days. Bacteria are escaping into the body 
cavity in the next section. 
4 days. In the fourth section of the larva, 
many bacteria are escaping the gut through 
the damaged epithelium. Sloughed epithelial 
cells are free in the gut lumen. 
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bacteria present. In cases where the bacteria were relative­
ly lower in number, they were especially concentrated in the 
intercellular spaces and around epithelial borders. The gut 
epithelium was degenerated in all these older individuals. 
The bacteria were even invading the epithelium again from 
the body cavity. Pat-body cells appeared irregular and vac­
uolated, with indistinct borders, and with the nuclei of 
many cells larger than normal. The cytoplasm was vacuolated 
in the ovaries and silk glands (where present), nuclei were 
pycnotic in some of the cells. Oenocyte cell nuclei were 
pycnotic. The epithelial cells of some tracheae, as well 
as the musculature and outer epidermis, were degenerating 
also (Figure 22). 
In very heavily infected larvae and pupae the body 
cavity was a mass of bacteria, with extensive putrefaction 
of almost all cells and tissues. Only a few oenocytes, 
parts of gut epithelium, fragments of tracheae, and parts 
of the outer body wall remained (Figure 23). These individ­
uals were, no doubt, already dead when they were removed 
from the comb. 
Figure 20. 4 days. Degeneration of Malpighian tubules, 
silk glands, oenocytes, and fat body. 
Figure 21. 4 days. Normal appearance of the same tis­
sues in a control. 
Figure 22. 7 days. Heavily infected individual with 
oenocytes and smaller tracheae not yet com­
pletely destroyed. 
Figure 23. 9 days. Outline of a trachea, one of the 
last recognizable structures in a heavily 
infected individual. 
rtif/r 
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DISCUSSION 
On the basis of this investigation, the progress of the 
disease appears to be as follows. The spores are taken in 
orally with the food and germinate within the midgut of the 
larvae. The bacteria may escape from the gut into the body 
cavity in as little as 1# days after inoculation, but may 
still remain in the gut only until about 7 days after inoc­
ulation. There is also tremendous variation in numbers of 
bacteria within the body cavity of individuals of similar 
age. Some individuals had only a few bacteria scattered iz 
the body cavity. Other individuals, including some younger 
larvae, contained a very large number of bacteria. In heavy 
infections, the bacteria escaped the gut through a destruc­
tion of the epithelium. In some cases of light infection, 
how the bacteria penetrated the body cavity was not always 
apparent. (It is obvious that a method of fixation must be 
found which will not necessitate clipping off the ends of 
larvae which leads to loss of the ends of the gut.) In 
still other individuals, the bacteria may not have escaped 
until normal breakdown of the larval gut epithelium in prep­
aration for metamorphosis. 
The mechanism by which the bacteria kill in this dis­
ease is not known. Larger numbers of bacteria in the body 
cavity of young larvae seem to produce a local histolysis 
of all tissues as they move. In older larvae and pupae 
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there seems to be a more gradual build up of bacteria, espe­
cially in the intercellular spaces, followed by a general 
putrefaction of almost all the tissues of the body. Thus, 
it may be that different mechanisms are involved, depending 
upon the conditions present. Jaeckel (1930) attributed 
death to a general septicemia, but did not indicate the 
means by which the bacteria produced the septicemia. 
Pappenheimer (1954) suggests that bacteria multiplying 
in the intercellular spaces may produce antimetabolites 
which then interfere with the cellular metabolism of the 
host. This could be true of infected, older brood in which 
the bacteria seem to be most numerous in the intercellular 
spaces. It would seem unlikely, however, that antimetabo­
lites could cause the destruction of gut epithelium and the 
extensive destruction of local areas of tissue found in 
younger larvae. 
In a study of pathogenic bacteria in grasshoppers in 
Western Canada, Bucher (1959) could separate the bacteria 
into two general groups. A small inoculum of the bacteria 
in one group could produce a fatal septicemia, providing 
they gained entrance to the hemocoele. Bacteria of the sec­
ond group required a large inoculum, 1-10 million or more, 
in order to produce infection. In this case, death appeared 
to be due to an overwhelming of the insect's resistance fol­
lowed by multiplication of the bacteria, or to shock or 
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poisoning from the large amount of protein present. 
Until now, only one report has been made of the isola­
tion of an endotoxin from B. larvae (Toumanoff, 1950). This 
isolated endotoxin produced the same effects in Galleria 
mellonella L. as did vegetative cells of B. larvae after 
they had been destroyed by phagocytes. As reported above, 
phagocytosis has not been demonstrated in honey bees. 
Heimpel (1955) found that the enzyme lecithinase seemed 
to be the primary destructive factor in strains of Bacillus 
cereus Pr. and Fr. pathogenic for the larch sawfly, 
Pristiphora erlchsonii Htg. Hoist and Sturtevant (1945) and 
Patel and Gochnauer (1958) have isolated proteolytic enzymes 
from sporulating B. larvae, but were unable to find any ap­
preciable amounts of such enzymes before sporulation. In 
infected honey-bee brood the bacteria do not form spores 
before the ninth day (Woodrow and Hoist, 1942; Hoist, 1946). 
Almost all of the destruction observed in the present inves­
tigation took place before this time. B. larvae has been 
reported to produce an antibiotic, but this again is not 
formed until the time of sporulation (Hoist, 1945). 
There is mention in the literature of cases in which 
immature insects exhibit different levels of resistance to 
a certain pathogen at different stages in their development. 
Such phenomena are similar, no doubt, to the increase in 
resistance with increased age of honey-bee brood observed in 
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the present investigation. This increasing resistance to a 
certain infectious agent associated with the development of 
the host has been designated as "maturation immunity" 
(Steinhaus, 194-9). According to Steinhaus, some authors had 
suggested that this phenomenon was due to hormone produc­
tion. In a later investigation, Steinhaus (1959) observed 
the opposite of this. He found that smaller larvae of G. 
mellonella were slightly less susceptible than larger larvae 
to infection by Serratia marcescene Bizio. Dutky (1959) 
stated that, with both viral and bacterial diseases, suscep­
tibility often falls off rapidly as the insect larvae ma­
ture. In an investigation of polyhidrosis wilt of the cab­
bage looper, Semel (1956) suggested that late larval stages 
were more susceptible to the disease. Hall (1957) made a 
similar study, using both laboratory and field tests, and he 
found that the younger larvae died more quickly than older 
larvae from the virus infection. He assumed that the dis­
crepancy between his results and Semel's was due to the fact 
that Semel, for some reason, rarely observed the infected 
young larvae in the field. 
Further investigations are needed to determine the 
mechanism or mechanisms of "developmental" resistance. In 
the case of the honey bee, at least, one needs to know how 
older larvae resist B. larvae. and what is the difference 
or differences between the resistant and susceptible lines 
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of bees that make one line of bees resistant sooner than the 
other? It is possible that the answer is the same for both 
of these questions, and that the rate of development of the 
resistance-conveying factor is the primary difference be­
tween the two lines of bees. 
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SUMMARY OP RESULTS 
Larvae of the two lines of honey bees, one resistant 
and one susceptible, showed differences in resistance when 
inoculated with a constant dosage of B. larvae spores. Lar­
vae of both lines had a high rate of mortality for the ear­
liest inoculation age. In the resistant line mortality de­
creased immediately as inoculation age increased. There was 
a delay of several hours before mortality decreased signifi­
cantly in the susceptible line. The maximum difference be­
tween lines occurs at an average inoculation age of 15 to 
21 hours. Larvae are no longer susceptible after about 56 
hours in the resistant line and 48 hours in the susceptible 
line. Mortality of control larvae in both lines was rela­
tively low for all inoculation ages. 
A number of larvae and pupae of the same two lines of 
honey bees, inoculated at 0-6 hours of age, were randomly 
selected at 1, lté, 2, 2)£, 3, 4, 4)6, 5, 6, 7, 8, and 9 days 
of age for a histopathological study. The individuals were 
fixed in alcoholic Bouin's, dehydrated, and embedded in 
Tissuemat. Sections were cut at 10/n and mounted on slides 
as serial sections. The results of the histopathological 
study are as follows: 
1. B. larvae spores germinated in the midgut of the 
larvae. In several cases, this had occurred by one day. 
2. The time required for the bacteria to penetrate 
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the gut wall and invade the body cavity varied from lté to 
7 days. The only observed method of gut wall penetration 
was by histolysis of the epithelium. 
3* Damage to body tissue» appeared to depend upon the 
number of bacteria present and the age of the brood. Light­
ly scattered bacteria in either young or old larvae did lit­
tle or no visible damage. In younger larvae, heavy concen­
trations of bacteria produced local degeneration or necrosis 
of all tissues. In older larvae and pupae, the bacteria 
were most numerous in intercellular spaces and around epi­
thelial linings, apparently producing a general septicemia 
and eventual putrefaction of almost all body tissues. 
4. There were no obvious differences in the progress 
of the disease in the larvae of the two lines when inocu­
lated at this early age. 
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Table 8a* Additional data used to determine the age at which the larvae 
are no longer susceptible to B. larvae, for the susceptible 
line. 
Source Inocula- -, - . Per cent 
of tion age Treat- Base Final count nornrar-
lanrae (hours) ment count Living Missing Observed dead rival 
m Tfnknown 
M1593 2U-30 Control 29 26 3 0 0 10.3 
Spores 5U 36 6 12 0 33.0 
M1593 2U-30 Control U5 U5 0 0 0 0 
Spore6 9k 67 6 21 0 28.7 
KL592 28-3U Control 33 30 3 0 0 9.1 
Spores 65 5U U 7 0 i5.a 
H1593 30-36 Control 1*1 37 U 0 0 9.8 
Spores 97 87 6 a 0 10.3 
m.593 36-U2 Control U3 U3 0 0 0 0 
Spores 72 70 l 1 0 2.8 
KL592 36-U2 Control 23 23 0 0 0 0 
Spores tit 38 6 0 0 15.6 
M1593 36-12 Control U7 U2 5 0 0 10.6 
Spores 10U 98 3 3 0 5.8 
m.593 U2-U8 Control a la 3 0 0 6.8 
Spores 102 102 0 0 0 0 
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Table 8b. Additional data used to determine the age at which the larvae 
are no longer susceptible to B. larvae, for the resistant line. 
Source Inocula- _ Per cent 
of tion age Treat- Base final count nonsur-
larvae (hours) ment count Living Missing Observed dead vival 
aAs Unknown 
KL£82 2U-30 Control 89 88 1 0 0 1.1 
Spores 138 13k 3 1 0 2.9 
M1582 2Ù-30 Control 38 37 1 0 0 2.6 
Spores 81 70 3 8 0 13.6 
10576 30-36 Control 19 19 0 0 0 0 
Spores 33 32 1 0 0 3.0 
M1578 30-36 Control 53 51 2 0 0 3.8 
Spores 93 8U 9 0 0 9.7 
M1578 30-36 Control 3U 30 U 0 0 11.7 
Spores 62 57 2 3 0 8.0 
M1S82 36-U2 Control 5U 5U 0 0 0 0 
Spores 1U8 Ui8 0 0 0 0 
M1578 36-U2 Control U9 a 5 0 0 10.0 
Spores 138 129 6 3 0 6.5 
M1578 38-ltlt Control 87 8U 3 0 0 3.5 
Spores 16L 162 2 0 0 1.2 
10.578 U2-U8 Control 62 6a. 1 0 0 1.7 
Spores 113 112 1 0 0 0.9 
M1582 U2-U8 Control 67 67 0 0 0 0 
Spores 128 126 2 0 0 1.U 
1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
ik 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2k 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3k 
% 
37 
38 
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Actual spore counts taken from samples of first suspension. 
Vial 1 Vial 2 Vial 3 Vial k 
1 2 1 2 
Replications 
3 1 2 3 1 2 3 
20 3 8 0 0 1 k 1 2 0 1 
2 7 6 1 7 1 0 10 0 0 0 
3 1 13 2 1 0 2 7 0 0 0 
1 8 11 5 1 0 2 0 2 1 1 
1 k k k 3 0 6 2 2 3 1 
2 1 7 3 2 3 0 2 0 1 3 
1 0 2 5 3 1 0 1 1 12 k 
1 1 2 5 7 k 2 0 2 3 7 
0 0 2 2 k 2 k 3 0 1 2 
0 2 1 6 3 1 2 1 1 2 7 
3 0 1 2 1 3 2 3 k 1 1 
0 1 0 7 2 6 1 0 2 3 2 
1 0 1 2 5 2 2 0 3 k 2 
0 1 1 3 2 2 3 0 0 1 0 
0 2 0 3 9 1 0 1 5 2 1 
2 0 9 0 1 0 k 3 k 1 2 
3 3 0 1 6 0 2 0 2 3 1 
1 1 6 10 k 2 2 1 k 0 3 
0 0 1 3 1 11 9 2 7 2 3 
2 3 1 7 10 1 k 2 3 1 1 
0 0 0 0 3 lk 2 1 3 3 0 
1 1 0 3 k 1 6 1 2 2 1 
0 2 5 2 2 0 7 6 3 k 2 
0 k 7 2 2 5 5 3 1 3 0 
3 3 12 1 8 0 k k 1 1 1 
11 13 0 0 0 k 1 1 5 2 2 
k 3 1 0 1 3 2 2 16 3 2 
5 6 16 1 1 8 2 5 0 2 3 
2 1 0 9 6 2 2 11 11 2 1 
0 2 0 2 8 lk 2 5 5 2 2 
0 0 k 1 k 0 1 10 0 1 2 
3 k 1 1 5 6 2 3 0 0 0 
5 0 2 15 k k 1 3 0 0 1 
0 3 6 0 7 3 0 3 3 1 3 
0 0 5 10 8 2 k 0 k 2 k 
k 1 9 k 2 k k 0 6 1 2 
9 0 5 l 10 k 1 1 10 2 1 
k 0 i 2 0 l 3 0 6 1 k 
2 1 3 0 3 8 0 0 7 0 3 
0 0 1 3 6 11 1 6 10 k 0 
3<: 
Table 9 (Continued). 
Field Vial 1 Vial 2 Vial 3 Vial U 
No. 
Replications 
1 2  1 2 3  1 2 3  1 2  
1*1 2 1 l 1 0 a 0 3 2 3 1 
U2 0 2 3 1 9 2 2 1 3 a a 
U3 1 a 0 0 1 a 7 1 2 0 a 
a 3 7 7 29 2 2 a 0 7 3 3 
a 2 0 6 a 1 2 5 3 1 2 
U6 a 3 0 6 3 2 6 0 a 1 0 
U7 7 3 0 16 1 10 1 0 0 3 5 UB 2 5 1 0 3 2 1 1 0 a l 
U9 1 0 1 2 0 0 2 2 2 i 3 
50 1 5 0 9 0 50 1 1 1 13 3 
Total 121 lilt 167 208 179 212 127 118 161 110 102 
Average 2.1* 2.3 3-3 lu2 3.6 L.2 2.5 2.3 3.2 2.2 2.0 
93 
Table 10. Actual spore counts taken from samples of second suspension. 
Field Vial 1 Vial 2 Vial 3 Vial k 
No. 
1 2 3 l 2 
Replications 
3 1 2 3 1 2 3 
1 0 0 0 0 3 1 3 7 lk 16 7 2 
2 0 0 0 k 5 1 2 0 5 0 1 1 
3 2 2 0 7 k 0 lk 0 2 2 1 5 
k 0 0 0 1 1 1 6 2 0 3 2 l 
5 3 2 0 1 5 1 3 5 3 3 1 0 
6 11 1 1 1 k k 0 k 1 2 0 3 
7 lk 0 0 2 k 7 1 1 0 3 3 1 
8 0 8 0 3 2 k 0 k 2 2 1 0 
9 6 k 0 15 5 k 0 3 3 9 1 1 
10 2 6 0 7 2 19 k 1 2 1 1 0 
11 5 8 5 1 7 3 2 1 0 3 1 1 
12 0 2 2 2 k 5 0 1 0 3 5 0 
13 5 7 3 7 2 l 3 0 0 2 2 1 
1k 3 1 1 2 6 2 0 0 0 2 1 1 
15 k 2 3 1 3 2 1 2 2 1 1 0 
16 0 6 0 3 2 1 k 0 2 2 2 1 
17 k 2 2 1 k 0 1 1 0 k 0 1 
18 i 6 2 0 3 3 3 2 m c. 0 2 0 
19 0 7 0 X k 1 2 0 5 3 k k 
20 0 1 1 2 1 2 10 0 2 1 0 2 
21 1 2 1 1 2 0 6 3 2 1 1 2 
22 2 1 3 11 k 3 5 3 0 k 2 0 
23 0 8 0 5 1 5 0 5 0 0 0 5 
2U 0 3 1 1 k 0 l 1 2 0 1 l 
25 1 2 2 1 2 2 l 7 k 0 7 2 
26 2 3 0 k 1 1 2 1 6 0 0 5 
27 0 0 0 0 k 1 1 0 10 1 1 i 
28 2 3 1 2 3 2 8 2 k 0 0 2 
29 1 k 0 25 k 2 2 1 2 2 0 1 
30 k 1 0 1 0 0 2 0 0 k 0 3 
31 22 k 2 0 0 0 3 0 1 0 1 3 
32 12 8 3 6 6 2 5 1 2 2 3 1 
33 5 5 2 5 7 3 5 1 3 2 7 1 
3k 1 k 0 9 3k 6 5 2 0 1 0 0 
35 2 5 3 7 1 1 3 2 3 1 2 1 
36 2 5 2 0 1 0 0 0 1 0 3 5 
37 1 8 5 7 7 1 3 2 1 k 2 0 
38 3 12 1 0 2 1 3 5 2 3 6 0 
39 5 ? lk 0 2 1 3 3 2 1 2 2 
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Table 10 (Continued). 
Field Vial 1 Vial 2 Vial 3 Vial U 
No, 
1 2 3 1 2 
Replications 
3 1 2 3 i 2 3 
ho 1 0 5 2 2 0 5 0 1 0 0 1 
1*1 7 2 2 3 0 1 1 1 3 1 1 a 
U2 7 5 2 2 5 5 0 2 0 2 a 0 
U3 20 6 a 2 2 0 a 1 2 3 5 0 
a 6 2 0 3 5 a i 6 0 a 2 1 
U5 3 1 1 0 0 13 0 3 3 2 a 1 
U6 3 0 2 0 a 2 1 3 3 1 2 0 
U7 6 2 2 0 i 7 1 2 3 0 5 a 
U8 2 0 19 15 3 5 0 2 2 1 7 0 
U9 1 U 2 1 1 3 a 5 a 2 2 2 
50 0 a 5 2 2 6 2 10 a 0 10 0 
Total 181 179 9k 176 181 139 136 108 115 10U 116 72 
Average 3.6 3.6 1.9 3.5 3.6 2.8 2.7 2.2 2.3 2.1 2.3 1.U 
No, 
1 
2 
3 
U 
5 
6 
7 
8 
9 
10 
11 
12 
13 
ht 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2u 
25 
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Actaal spore coemts taken frs®. samples of third suspension. 
Vial 1 Field Vial 1 continued 
Replications No. Replications 
12 3 1$ 1 2 3 U 
1 0 1 2 26 7 5 1 0 
0 0 a 7 27 15 1 2 0 
1 1 a 8 28 1 0 2 0 
2 1 3 3 29 1 a 2 1 
1 2 0 3 30 3 1 a 3 
2 1 i 2 31 2 0 7 a 
2 2 2 1 32 ia 2 i i 
a 3 0 3 33 3 0 i 3 
0 1 0 a 3a 0 6 2 3 
0 a 1 i 35 3 a 2 3 
0 8 3 0 36 3 i 1 1 
2 0 1 0 37 6 0 a 1 
1 2 3 3 38 3 2 i 1 
1 6 a 1 39 5 3 0 0 
a 1 a 1 ao 6 5 i 0 
u 5 8 1 ai 5 10 0 1 
5 a 6 0 a2 8 l 0 3 
a 2 2 1 a3 2 a 0 0 
3 2 5 a aa 3 5 3 6 
1 3 6 3 a5 5 i 1 5 
2 1 6 7 a6 0 7 7 a 
1 5 3 1 a? 2 a 0 a 
0 3 2 0 as 0 3 7 3 
1 1 2 0 a9 1 6 0 3 
0 1 6 2 5o 20 5 1 10 
Total 172 139 127 117 
Average 3.U 2.8 2.5 2.3 
